[1] Tsunami ionospheric disturbances (TIDs) of the 26 December 2004 M w 9.3 Sumatra 8 earthquake are detected by the total electron content (TEC) of ground-based receivers 9 of the global positioning system (GPS) in the Indian Ocean area. It is found that the 10 tsunami waves triggered atmospheric disturbances near the sea surface, which then 11 traveled upward with an average velocity of about 730 m/s (2700 km/hr) into the 12 ionosphere and significantly disturbed the electron density within it. Results further show 13 that the TIDs, which have maximum height of about 8.6-17.2 km, periods of 10-20 min, 14 and horizontal wavelengths of 120-240 km, travel away from the epicenter with an 15 average horizontal speed of about 700 km/hr (190 m/s) in the ionosphere. [2] The ionosphere can be affected by a variety of 22 disturbances including, for example, solar disturbances, 23 geomagnetic storms, severe weather, volcanoes, and earth-24 quakes [Davies, 1990] . Although the ionosphere is primar-25 ily affected by solar and magnetospheric activities, while 26 solid Earth -related perturbations are generally small in 27 comparison, there is considerable evidence observed by 28 ionosondes and high-frequency (HF) Doppler sounding 29 systems that transient disturbances occurred in the iono-30 sphere as a result of earthquakes [Bolt, 1964; Leonard and 31 Barnes, 1965; Davies and Baker, 1965; Row, 1966 Row, , 1967 32 Yuen et al., 1969; Najita et al., 1974; Tanaka et al., 1984; 33 Artru et al., 2004] 
[2] The ionosphere can be affected by a variety of 22 disturbances including, for example, solar disturbances, 23 geomagnetic storms, severe weather, volcanoes, and earth-24 quakes [Davies, 1990] . Although the ionosphere is primar-25 ily affected by solar and magnetospheric activities, while 26 solid Earth -related perturbations are generally small in 27 comparison, there is considerable evidence observed by 28 ionosondes and high-frequency (HF) Doppler sounding 29 systems that transient disturbances occurred in the iono-30 sphere as a result of earthquakes [Bolt, 1964; Leonard and 31 Barnes, 1965; Davies and Baker, 1965; Row, 1966 Row, , 1967 32 Yuen et al., 1969; Najita et al., 1974; Tanaka et al., 1984;  33 Artru et al., 2004] . Recently, scientists analyzing data 34 recorded from numerous ground-based receivers of the 35 global positioning system (GPS) have observed ionospheric 36 disturbances of the total electron content (TEC) triggered 37 by seismic surface waves [Calais and Minster, 1995; 38 Afraimovich et al., 2001; Ducic et al., 2003] and by tsunami 39 waves [Artru et al., 2005] . In this paper, we report distur- http://staff.aist.go.jp/kenji.satake/Sumatra-E.html). 77 height of 350 km, then the intercept of the slant path on the 78 ionospheric shell surface can serve as a monitoring station 79 floating at an ionospheric point for observing the disturban-80 ces. Twelve monitoring stations projected from the coco, 81 iisc, karr, dgar, and kerg ground receiving stations of the 82 international GPS services http://igscb.jpl.nasa.gov/) have 83 clearly detected the TIDs of differential TEC variations [Liu 84 et al., 2004] triggered by the tsunami of the Sumatra 85 earthquake (Figure 2 ). Note that, the differential TEC is 86 defined by subtracting each TEC from its previous 30-s 87 value, which is a simple two-point differentiation. The TIDs 88 observed by the monitoring stations near the epicenter, such 89 as those around iisc, karr, dgar, and coco, have shorter 90 periods of about 10-15 min. By contrast, the two monitor-91 ing stations around kerg at longer distances from the 92 epicenter yield a longer period of about 20 min. The average 93 horizontal speed of the TIDs derived from the arrival times 94 observed at all the monitoring stations is approximately 95 688 km/hr (Figure 2) velocity of about 700 km/hr away from the source Figure 1 . Tsunami activated by an earthquake travels away from the epicenter (blue star) along the ocean surface (blue curve) and launches atmospheric gravity waves (blue dashed arrows) which then propagate into the ionosphere and trigger tsunami ionospheric disturbances (TID) (purple curve). Slant total electron content (TEC) (grey dashed arrows) is the integration of electron density along path from a GPS satellite to a ground-based receiver. 
